Aim: To evaluate the color stability of acrylic and bis-acrylic resins after immersion in 3 staining solutions. Methods: Forty-eight samples (10 x 2 mm) of each provisional restorative material (Duralay, Dencrilay, Structur 2 and Protemp 4) were fabricated and distributed into four groups (n = 12): G1 -distilled water (control group); G2 -a cola flavored soft drink; G3 -wine and G4 -coffee. The specimens were immersed for seven days at 37°C in the solutions, which were changed every 24 hours. The color of all specimens was measured with a spectrophotometer (VITA Easyshade Advance) before (T0) and after immersion (T1), and the color changes (ΔE) were calculated. Nonparametric Kruskal-Wallis tests were used, followed by Dunn's test with a significance level of 5%. Results: For the acrylic resins (Duralay and Dencrilay), the largest color change values were obtained in group G4 -coffee, whereas in the bis-acrylic resins (Protemp 4 and Structur 2), the largest color difference was observed in groups G3 -wine and G4 -coffee. The acrylic resins showed statistically significantly less color change than the bis-acrylic resins. Conclusions: The coffee and the wine promoted larger color changes in the provisional prosthetic materials tested in this study. The acrylic resins showed more color stability than the bis-acrylic resins.
Introduction
The provisional phase of oral rehabilitation is the longest and decisive stage of prosthetic treatment. Therefore, temporary crowns and fixed prostheses should be adequate to provide comfort, hygiene, health and aesthetic satisfaction to the patient during this period. For this, both the material and its fabrication method must be carefully chosen to maintain surface smoothness, mechanical resistance and color stability properties that are favorable to the success of the treatment.
The dental material most used in the manufacturing of temporary fixed prostheses are acrylic resins due to their resistance, color stability, polishing properties and, especially, low cost 1 . Additionally, bis-acrylic resins have been developed to minimize the adverse effects of acrylic resins; thus, they have improved mechanical stability, are biocompatible, are easy to handle (available in base paste / catalyst), have a less exothermic reaction and release fewer monomer residues 2 . Therefore, these resins cause less pulpal and periodontal irritation, which favors a better contour and the marginal adaptation of the provisional prostheses 3, 4 .
Regardless of the chosen material, the aesthetic quality of provisional prostheses is fundamentally important for patient satisfaction and should approach the full form and color of the natural teeth 5 . Despite the quality of dental materials that are available in the dental market, none of them can exactly maintain their original color as they are subjected to various chemical substances, foods and dying solutions during treatment. The color change may still be affected by the material type that is used, incomplete polymerization and oral hygiene of the patient. Such a change may result in poor cosmetic appearance and subsequently cause patient dissatisfaction and even additional costs for its replacement 6, 7 .
According to Reis et al. 8 (2003) the intrinsic color of aesthetic materials can be altered when these materials are aged under various physical-chemical conditions, such as thermal and humidity changes. Extrinsic factors are related to the adsorption or absorption of dyes from food or substance intake.
In practice, the use of provisional restorations could extend from several weeks to a half a year 9 . The ability of the tooth-colored restorative materials used for provisional restorations to maintain their color stability is important when temporary prostheses are worn for a long period 10 . As a rule, the longer the material is exposed to various surrounding factors, the greater the chance for color alteration and material wear 3 .
Although studies 1, 5, 7 have evaluated the color stability of resin-based materials used for provisional prosthodontic restorations, these materials were subjected to coffee, tea or wine as the staining solutions. However, the effect of soft drink, wine and coffee on color difference of provisional restorative materials has not been completely clarified. These staining solutions that served as means for storage of the specimens were chosen based on the frequency of ingestion of the population and the potential for staining.
Thus, the aim of this study was to evaluate the color stability of acrylic (Duralay and Dencrilay) and bis-acrylic resins (Protemp 4 and Structur 2) after immersion in different solutions: water, cola-flavored soft drink, wine and coffee.
Material and Methods
Provisional prosthetic materials used are listed in Table 1. A total of 192 samples were fabricated: 48 samples of each material using circular stainless steel molds that were 10 mm in diameter and 2 mm in high. Each material was mixed and polymerized according to the manufacturer's instructions. The acrylic resin was inserted in a single increment in the mold. The insertion of bis-acrylic resins in the mold was achieved using the respective dispenser and selfmixer tips of each manufacturer.
A polyester strip and a glass plate were placed over the stainless steel mold to promote removal of the excess material and to ensure a flat and parallel surface to facilitate the reading of the samples.
After the curing period, the samples were removed, and according to the manufacturer's instructions, the bis-acrylic resin samples were subjected to rubbing with a gauze soaked in alcohol (for removal of the inhibiting layer) for 20 s.
Specimens were stored in distilled water for 24 hours at 37°C. The rehydration was simulated during the first day of service for provisional restorations in an oral environment 3, 6, 7 .
Baseline CIE (Commission Internationale de l'Eclairage) L*a*b* color coordinates were established using a spectrophotometer VITA Easyshade® (VITA Zahnfabrik, Bäd Sackingen, Germany) for every specimen before its exposure to a staining agent.
The L*a*b* coordinates are relative to a standard illuminant A against a white background. L* refers to the lightness coordinate with a value ranging from zero (black) to 100 (white The measurements were repeated 3 times for each specimen, and the mean values of the L*, a*, and b* data were calculated. To obtain the baseline color data, a custom-made silicone (Elite HD + Putty Soft Normal -Zhermach) holder 7 was used to hold the specimen, and the tip of the spectrophotometer was surrounded by a PVC pipe containing addition silicone during the color measurement to minimize the influence of external light through the edge of the specimen. Furthermore, the tip of the spectrophotometer rested on the same point of the specimens during every color measurement.
After the baseline color measurements were made, the specimens were distributed into 4 groups (n = 12): G1 (control) -distilled water (Amazonas Comércio e Indústria de Produtos Químicos Ltda., Feira de Santana, Bahia, Brazil); G2 -a cola-flavored soft drink (Coca Cola, Curitiba, PR, Brazil); G3 -wine (Dry Red Table, Campo Largo, Campo Largo, Campo Largo, Curitiba, PR, Brazil); and G4 -coffee (Nescafé Tradicional Instantâneo, Nestlé Brasil Ltda., Araras, SP, Brazil) ( Table 2 ). The coffee (3.6 g) was dissolved in 300 mL of boiling distilled water according to the manufacturer's suggested concentration 12 . After 10 min of stirring, the solution was filtered through a filter paper.
The specimens were suspended by orthodontic wires in 24-well plates containing 2.5 ml of solution in each well so that all their surfaces remained in contact with the staining solution. Grouped specimens were immersed into specified liquids for 7 days and stored in bath at 37°C 6, 7 . Every 24 hours the solutions were changed. After 7 days, the specimens were rinsed with water and blotted dry with tissue paper 3, 10 before the color measurement. Each specimen's color was evaluated in the same manner prior to exposure. The calculation of the color variation ΔE* between the 2 color measurements (after 7 days storage and baseline) was performed through the standard formula of the CIE Lab model: ΔE L * a * b * = [(ΔL *)
The data were checked to ensure normality and homogeneity in the variance by the Shapiro-Wilk and Levene tests. Afterward, the non-parametric Kruskal-Wallis, followed by the Dunn test, were used at a 5% level of significance. The statistical calculations were carried out with SPSS -Statistical Package for Social Sciences (SPSS Inc., Chicago, IL).
Results
The color changes (mean ΔE values) of provisional materials after exposure to different staining solutions are presented in Table 2 . When comparing the different solutions, for the acrylic resin Duralay, the largest color-change values were observed in group 4 -coffee, which was found to be significantly different compared with values obtained in the other groups.
For the acrylic resin Dencrilay, there was no statistically significant difference between groups 2, 3 and 4. For the bis-acrylic resins (Protemp 4 and Structur 2), the largest color differences were observed in groups 3 and 4, which were not significantly different from each other.
When comparing the four different provisional prosthetic materials, the acrylic resins demonstrated statistically significant less color change compared with the bis-acrylic resins. The acrylic resins (Duralay and Dencrilay) were not significantly different from each other as well as bis-acrylic resins (Protemp 4 and Structur 2).
Discussion
The staining of dental materials is the result of both extrinsic (surface roughness, poor oral hygiene, nutrition, and material wear) and intrinsic (filler and monomer composition, residual unpolymerized monomers resulting from incomplete polymerization) factors 8, 13, 14 .
Extrinsic factors for color alteration include staining by colorant adsorption or absorption because of contamination from exogenous sources 15 . Additionally, extrinsic factors for color alteration are known to cause staining of oral tissues and restorations, especially in combination with dietary factors. Among these, coffee, tea, nicotine, and beverages have been reported 15, 16 . The solutions used in the study (a soft drink, coffee, wine) were chosen because of the high frequency of ingestion by the population and high potential for staining.
According to Koishi et al. 17 (2001) , the thickness and smoothness of the specimen surface also affect color. In the present study, the thickness of provisional restorative material specimens was 2 mm 2 . However, because the calculation of the color variation (ΔE*) between 2 color positions (7-day storage and baseline) in the 3-D L*a*b* color space was investigated, the thickness of the specimens was not important.
In practice, the use of a provisional prosthesis may extend from a few days to six months or more, indicating that a low quality of provisional restorations can bring complications, dissatisfaction and even additional costs for its replacement 6,7,9,10 .
As a rule, the longer the material is exposed to various factors (diet, oral hygiene, water sorption, and chemical reactivity), the greater the chances for color alteration and increased roughness 7 . The period of immersion in the solutions was 7 days, and according to Guler et al. 3 (2005) , the coffee manufacturer purports that the average time for consumption of 1 cup of a drink is 15 minutes, and among coffee drinkers, the average consumption of coffee is 3.2 cups per day. Therefore, 24 hours of immersion of samples in coffee simulate consumption of the drink over 1 month. The storage for 7 days was selected as a standard time and correspond to seven months of provisional phase treatment.
In this study, a color change was verified in all the resins regardless of the solution used, but G3 -wine and G4 -coffee promoted greater variable color changes in the samples. These solutions elevated the ΔE of the samples to values that are higher than clinically acceptable values. According to Johnston and Kao 18 (1989) , the size of the color difference, which is larger than ΔE 3.7 E units, is the highest value that has been determined as clinically acceptable.
The influence of coffee and wine on the color change was observed in other studies. Rutkunas et al. 7 (2010) verified that bis-acryl composite resins exhibited more significant color changes in coffee with sugar and in red wine compared with methyl/ethyl methacrylates. These results agree with the bis-acryl resin results in this study.
The color stability in acrylic and bis-acrylic resins was also evaluated by Haselton et al. 1 (2005) . This group analysed in vitro 12 prosthetic materials that were immersed in pure artificial saliva and coffee at 37°C after 1, 2 and 4 weeks. The results verified that the Luxatemp, Protemp and Temphase bis-acrylic resins obtained more impactful color change results in coffee than in pure saliva. In the present study, group 4 -coffee promoted a significant color change compared with wine in the acrylic resin Duralay, but there was no difference between coffee and wine in the other materials.
In the present study, the bis-acrylic resins demonstrated statistically significantly more color change compared with the acrylic resins. These results agree with the study of Rutkunas et al. 7 (2010) . They investigated the effects of different polishing techniques on the color stability of provisional prosthetic materials upon exposure to different staining agents (distilled water (control), food colorant, coffee and red wine) and verified that bis-acryl composite resins compared with methyl/ethyl methacrylates exhibited more significant color changes in coffee with sugar and in red wine. Additionally, Givens et al. 5 (2008) evaluated the color stability of two autocured bis-acryl materials. One dual-cure bis-acryl material and one PEMA control material were immersed cyclically in tea for 1 week, and the results verified that of the four materials, only Protemp Garant, an autocured bis-acryl composite, exhibited a clinically noticeable change in shade.
Several studies have reported that water absorption is influenced by factors such as filler content 19, 20 , the presence of residual unpolymerized monomers, the inclusion of air bubbles 21, 22 and the cross-linking degree of resin molecules 23, 24 . In particular, incomplete polymerization might cause a deterioration in physical properties of the resin material and an increase in microleakage, thereby inducing color changes.
In the present study, the results showed a greater vulnerability of the bis-acryl resins in relation to color changes. Several authors 1, 5, 10 associate this characteristic to the composition of the bis-acryl resins. According to Haselton et al. 1 (2005) , most bis-acryl polymers are more polar than PMMA polymers and therefore have a greater affinity towards water and other polar liquids.
Thus, there is a greater absorption of liquids in bisacrylic resins that favors the incorporation of pigments that are contained in these liquids. This phenomenon is probably the reason for the larger color changes in bis-acryl resins that were found in this study.
The results suggest that during provisional phase of treatment, the patient should avoid staining drinks. When provisional fixed prosthodontic materials are used for long periods, the acrylic resin tested may be preferred over the bisacrylic resins for areas that aesthetic is important and the long time of provisional phase is necessary. In other hand, bis-acrylic resin is the option for short time provisional phase or in case of long time in area that aesthetic is no relevant.
In view of the diversity of information available in the scientific literature on the aesthetic characteristics of provisional prosthetic materials, further studies are necessary, since the color change of these materials is a reality that must be carefully observed and monitored by the professional to obtain dental rehabilitation success.
Within the limitations of this study, it could be concluded that: both coffee and wine promoted larger color changes in the provisional prosthetic materials tested in this study. The acrylic resins showed more color stability than the bis-acrylic resins.
